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(3) A method for preparing a mononudeotide^-phosphodiester-based substrata. 



(g) a method for preparing a mono-nucleotide-3*- 
' phosohodiester-based substrate capable of under going 
catalytic-induced hydrolysis of the phosphate ester at the 7 
position, to yield a species capable of being monitored 
spectrophotometricalty or ftuorometrically. comprises 

(a) forming a mononucleotide T, 7 cydrc phosphate of 
the formula: 8 



O 

(0 



<0 

o 



0. 




Id) blocking said mononucleotide S'-O-blocked 3'- 
phosphate at (he 2' -hydroxy! with a suitable r-O- blocking 
member to form a mononucleotide 2*-blocked*S'-blocked-3'- 
phosphate: and 

(el forming a 2' -0-blocked-5'-0 -blocked phospho- 
diester by bonding said mononucleotide 2*-0-blocxed-5'-0- 
biocked-3*-phosphate with a moiety selected from the group 
consisting of a chromophore or fluorophore. 

The 2' -blocking member is removed from said T- 
block ed-5"-biocked phospnodiester so as to provide a subs- 
trate characterized by the ability to undergo catalytic-induced 
hydrolysis of the phosphodiester to yield a species capable 
of being monitored spectrophotometrtcally or fluorometn- 
caily. 



wherein 8 is a nucleotide base, and wherem the CH,0H 
group at the 4'-position is either as or trans t the cyclic 
phosphate: 

(b) blocking said mononucleotide T, J<ydic phosphate 
at the 5' -hydroxy! with a suitable 5* -blocking member to form 
a mononucleotide 5'-0-blocked-2\ T -cyclic phosphate: 

(c* opening said cyclic phosphate so that essentially 
only a mononucleotide $*-0-blocked-2'-hydroxyl*3'- 
phosphate is formed under conditions leaving the S'-position 
essentially blocked: 
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3AC\C?.ouno or T>:r isvintiok 

1. field of the Invention 

The present invention relates to chrcraogenic and/or 
fluoroganic a»nonucIeotida-3' -ohosphcdiesters, and, sore 
particularly, *c a novel method for synthesizing such mono- 
nucleotide phosphodiesters. These rrateriais say be usee, for 
example, in carrying out various nor.-isotcpic immunoassays. 
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2. 3escrittion of the Prior Art 

For a variety of clinical purposes such as, for 
example, ncnitoring dosage schedules, monitoring horaone 
levels, checking for recant ingestion or following pharmaco- 
logical dyr.aru.es of bioavailability, absorption, degradation 
or excretion, it is a great advantage to aeesure the concen- 
tration of" various drugs or the like to the nancaclar or even 
piccaolar level. As is kaovn, radicisauncassay can accoaplish 
analyses of this type, Tot carry cut an analysis, aa acceptable 
kit or systes aust include an antiser^ra, a standard of the 
ccr^ocjid (i.e., * analyts) to be aeasured, the radiolabeled 



de: 



rative of the ccspound to be naasursd, a buffering agent 



or agents and, often, a displacing agent. The antiserum is 
produced by bleeding animals which have been izraunired by 



innoculation, for exacple, with the hapten - prote 



con^ucate 



(issunogen) corresponding to the cospcund to be naasured. 



As -s we. 



1 1 



joewn, in general, the technique of 



radioimmunoassay measures the competition between radioactiveiy 
labeled analyse and unlabeled ar.alyta for binding sites on the 
antibody in the antiserum. 2y adding to the antiserum :c.y: 
anounts of the analytas to be assayed and a radiolabeled 
analog, a cose - response curve for bound or free analyt- 
varsus concentration of ar.alyte is constructed. After this 
isr.ur.scal-hrat:.sr. has been carried out, unknown concentrations 
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can then be ccmparad to the standard dose- response curve for 
assay. Crucial to this type of assay is the existence of 
radioactive anaiytes which compete effectively with non-radio- 
active analyses. Accordingly, in order to obtain the maximum 
precision, accuracy, sensitivity, specificity and reproduci- 
bility bi the assay, purified, well-characterized synthetic 
radioactive anaiytes are required. 

Several deficiencies in radioimmunoassay methodology 
have been identified. First of all, it is necessary to make a 
chysical separation of the antibody bound radiolabeled analyte 
from the free radiolabeled analyte. Further, the methodology 
is considered rather labcr intensive, and the equipment re- 
quired is likewise relatively expensive, is not uniformly 
available, and further requires the use of highly trained and 
skilled technicians to accurately carry cut such assays. 
Likewise, the radioisctcpical ly- labeled anaiytes are relatively 
unstable and expensive and pese-an increasingly severe waste 
disposal prcblen owing to radiation exposure hazards associated 
with the commonly used radioisotopic labels. Despite these 
shcrtcccings, the use cf radioimmunoassay has crown considerably. 

The substantial recent growth in the use of radio- 
immunoassay in clinical laboratories has, however, spurred the 
development of variants which overcome the deficiencies cf the 
radioimmunoassay methodology as described herein. The approaches 
which have been developed to overcome these deficiencies pri- 
marily involve the use of enzyme or fluorescent labels instead 
of radioisotopic labels, preferably coupled with conditions 
allowing for measuring a chemical distinction between bound 
and free fractions of labeled analyte which leads to the 
elimination of the requirement for physical separation. 
Immunoassays having the latter simplifinc and advantageous 
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f ed-ur e are referred to as homogeneous immunoassay s as opposed 
to heterogeneous immunoassays where physical separation is 
required. 

Thus i homogeneous immunoassay systems have beer, 
developed which are based on the use "of an enzyme- labeled 
analyte where the enzymatic activity of the label is decreased 
when complexation with the antibody occurs. Unlabeled analyte 
whose concentration is to be determined disoiaces the e.tz '-re- 
labeled analyte bound to the antibody, thus causing an increase 
10 ir. enzymatic activity. Standard displacement cr dcse-response 

curves are constructed 'where increased enzymatic activitv 
(monitored spectcphotcme trical ly using what has been termed a 
"substrate" which ultimately produces a unique chromcphore as 
a consequence of enzyme action) is plctted against increased 
analyte concentration. These are then used fcr determining un- 
fcr.cvn analyte concentrates. The following United States 
patents have been issued in the field of homogeneous enzyme 
immunoassay: 3,317,337; 3,352,157; 3,375,011; 3,566, 55c; 
3,905,371; 4,055,354; 4,043,573; 4,040,507; 4,035,385; 4,045,63 
20 4,0€7,J74; 4,191,613; and 4 , 1 71 , 2 44 . In these patents, the 

label fcr the analyse is described as an enzyme having a mclecu 
weight substantially greater than 3 ,000 . Also, ccmmercializati 
of this technology has been limited so far to applications wher 
the anal yt e s are relatively small in mclecular size at fluid 
* concentrations of the analyte greater than 10 " " M . 

As a consequence of the limitations cf the homo- 
geneous enzyme immunoassay technique described above, consider- 
able effort has been devcted towards developing mere sensitive 
homogeneous immunoassays using fluorescence. These have been 
20 primarily directed at assays fcr the larger sized molecules 

such as immunoglobulins cr polypeptide he rrcr.es such as insulin 
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The following Unites States patents have been issued for this 
type of. assay: 3,993,943; 3,998,345; 4,174.384; 4,161,513; 
4,208,479 and 4,160,016. The label in most of these patents 
involves an aromatic fluorescent molecule, bound either to the 
analyte or to the antibody. All likewise involve various 
methods of quenching fluorescence through antibodies or other 
fluorescent quenchers so that the extent of quenching is related 
-o the amount of analyse present in the sarcple. 

A further type of aethocolocy which nay be described 
as a reactar.t- labeled fluorescent i.~ur.oassay involves the use 
of a fluorescent- libeled analyte designee so that a fluorescent 
croduct is released when it is e Mystically hydrolyted. Ar.ti- 
body to the analyte portion of the molecule, however, inhibits 
ar.=v:r.atic hydrolysis. Consequently, by the law cf nass acticr., 
fluorescence is enhanced in the presence of : increased analyte 
due to er-ysiatic hydrolysis of the displaced, fluorescent 
labeled analyte. As an example, a labeled analyte is ft - 
calactcsyl-usbeilifercne-siscnuLcin. The e.t=^e /2 -galactcsi- 
dase cleaves the sugar frcn the u.tbel liieror.e moiety which can 
then fluoresce. Publications which describe this Dethcdolocy 
include: C.T . 3urd, R.C. Wong, J. 2. ?eeney, a. J. Carrico and 
a .C. Boguolaski, din. Chen... 23' 1402(1977); 3urd, Carrico, 
«.C. Fetter, et al . , • Biocher. ■ , 77, So (1977) and ?. Kohen, 

S. Hollander and 3ocuclas!ci. Jour, cf Steroid 3i=char. , H, 161 
(19"9) • 

The co-pending US-application, USSN 248,689, filed March 30, 1981, ?arina et al. 
provides methodology for carr/ing out non-isotopic 

■ immunoassays which obviates the deficiencies of prior assays 
of this general type. In an illustrative erjcdi.-«nt, this 
methodology utilizes a labeled analyte-?c • ypeptide complex 
which expresses ribonuclease-type activity to cataiyticai ly 
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convert a substrate to a chr sr.ocer.ic or fluoroger.ic reporter 
molecule. 

Many organic compounds have been utilised heretofore 
for monitoring the catalytic activity of ribonuc lease. Such 
organic compounds, or substrates, as they are ccnr.or.ly referred 
to, include ribonucleic acid itself, cyclic phosphate diesters, 
and moncribo nucleotide compounds which exhibit the same or 
similar structural constraints as these expressed by the 
natural substrate. 
10 Thus, for example, one method for monitoring the 

catalytic activity cf ribcnuclease involves the use of a ribo- 
nucleic acid solution. That method involves monitoring a 
decrease in absorbar.ee at 30 C nra cf a ribonucleic acid solution 
as a function cf time, M. Xunits, J . 3 i c 1 . Ch er. . , 164 , 552 
(13 4 6) . Although that method is relatively simple to conduct, 
it has several deficiencies? specifically, the rate of decrease 
of absorption is not linear, calibration cf each substate solu- 
tion is required, and direct monitoring of absorbance decreases 
at 200 sm is impractical with clinical samples. 
20 Another method utilised fcr monitoring ribcnuclease 

activity is an end -point variant of the procedure described 
above. In the end point variant procedure, yeast ribonucleic 
acid is incubated with the ensyrae s ar.pl e for a fixed period cf 
t im e . The regaining ?.NA is precipitated with perchloric acid 
or uranyl acetate/trifluoroacetic acid, and the absorbance of 
the supernatant is measured after centrirugaticn. S.3. Ar.f ir.ser., 
a.?.. Redfieid, V.I.. Choate, A. Page, and W.H. Carroll, Jcur . 
3iol . Cher. . , 207 , 201 ( 1954). However, that method is much 

too cumbersome fcr homogeneous immunoassays of the type described 
. above-mentioned 

— in the' co-pending farma et al . application, primarily due to 

the precipitation step involved. 
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Yet another variation of the above procedures has 
been reported by R.C. Xaon. A.G. Smith, and K. Lyons, Analvt. 
3ioehem. , 37. 333 (1970 ). The method described therein is 
based on the formation ox a fluorescent reaction product 
resulting from the reaction of the dye ethidium bromide with 
intact yeast ribonucleic acid, but not with the hydrolysis 
products. In that method, a fluorescent signal, which is 
monitored, decreases with tine. However, monitoring a fluore- 
scent signal which decreases with time is disadvantageous, as 
-he method may result in a lack of sensitivity when only 
modest differences in enzyme concentration are encountered. 
In addition, other disadvantages are that tha rate of decrease 
cf absorption is not linear, and calibration of each substrate 

solution is required. 

Another known substrate for mor.itcrir.g ribcnuclease 
activity is a mononucleotide substrate, cytidize 2\ 3 ' -phosphate 
diestar, 2.M. Crock, A.?. Mathias, and 3.X. Sabi.t, Biocner . - . , 
74, 234 (1360 ). In '-ha- method, an increase cf absorbance at 
286 run, corresponding to the hydrolysis of the cyclic phosphate 
ring, is monitored over a tvo-hour period to measure the ribcr.u- 
.clease activity of the sample. This method, however, cannot 
be used in homogeneous immunoassay methods of the type described 
ir. the Tari.-.a et al . co-pending application because there are 
ar.aiyte sar.ple interferences which occur at 2S< a. Furthermore, 
* the distinction be ween the substrate and product afcscrba.-.ce 
spectra is small, with ti>« ratio of extinction coefficients 

being ar.ly I-<95 at 296 as. 

further, certain mononucleotid -3 • -phosphodiesters, 
including, 1-r.aphthyl esters cf 3'-cridylic. 3--i.nesor.is and 
3 '-adenylic acids have been utili=ed as ribcnuclease substrates. 
These napthyl esters have been used to differentiate substrate 
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specificities cf ribonucleases from various scurcss. K. 
Sieraxowska, k. 2an-Kowa] czewska, and D . Shucar, siochent . 
Sioohvs. Res. Comm. , 19 , 13S ( 1 9 6 5); M. 2an-KowaI czewska , A. 
Sieraxowska, and 0. Shucar, Acta. 3iochem. Polcn. , 13 , 237 
(19561; 3. Sierakowska and D. Shucar, Acta. 3iochera. ?clon. , 
13 , 143 (1971); K. Sierakowska, H. Szenplinska, 0. Shucar, 
5iocr.gr.. 3ioohvs. Res. Comm. 11 , 70 ( 1963). As a result of 
ribcnuclease-induced hydrolysis, the use of such substances 
results in the liberation cf i-r*aphthci which is allowed to 
10 react with a diazcniun salt to fcr^i an azo compound having 

strong visible abscrbar.ce. This approach requires that the 
assay kit include a separately packaged dye. former (viz. - a 
diazcr.iu- salt). Also, this substrata cannot be employed in 
a flucr cmetric mode. 

Various syntheses have been developed heretofore for 
the preparation cf mcncnucleotide-3 ' -phosphodiesters. One such 
aethoc for the preparation cf uridine-3 9 -( i-naphthyl ) phosphate 
is that disclosed in K. Kcie and H. Sierakowska, Acta Bio oh jr.. 
Polcn , 1£, 1S7 (1971). In accordance with the method shcvr. 
20 therein, -uridine is acetylated at the 2 ' -hydroxy I position: 




Next the 2'- and 5' -hydroxy: croups cf 2 ' -C-acetyl - 
uridine are blocked with dihycrcpyran; and secuer.ti ai ly the 
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3 ' -O-acety 1 undergoes hydrolysis so that 2 1 , 5 ' -bis-0-< tetra- . 
hvcrcpyrany 1 ) uridine is formed: 




- apnt" 
phcsph 
che s^ 
a&ahti 



Condensation of 2' , 5 ' ^is-OH tetrahycropyrany 1 ) - 
:e with r.aphthyl phospha- e/dicyclchexylcarbociiaice or 
:vl rhcsphoryldi chloride then results in 1-naphthyl 
srvlation of the 3' -hycrcxyl to fern; the blocked fona cf 
-strzte 2', 5 ' -<ii-0-{ tetrahydrcpyr any 1 ) uridine- 3 ' -< 1- 



yl) phosphate: 



20 




The tetrahycropyranyl blocking groups are acid 
labile and *ay be reeved without competitive phosphate 
hvdrolysis to for* the substrate, uridine-3 ' -< 1-naphthyl ) 



cnos 



— - * • 2 : 



M0CH : 
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A variation of the synthesis described in S i eraxcw ska 
and Shugar discussed above, is the method described in ?.ubsa.men, 
Khandler and Witrel ( Hoppe-Sey ier 1 s ) Z . Physiol . Chen . , 3 5 5 , 637 
( 1974 ) . There, uridine- 2 ' , 5 ' -bi s-C- ( tetrahydrcpyr any 1 3 -2 ' - 
phosphate is prepared by the reaction of dihydropyran with 
uridine-3 ' -phosphate. Dephcsphory iation of the 2', S'-bis-O- 
( tetrahydrcpyr any I ) -3 ' -uridine phosphate with, for example, 
phosphatase or lead CD hydroxide, fcrr.s 2 ' , S ' -di-0-( tetra- 
hvdrccvr anvl ) uridine. The S'-hydrcxyl of that compound may 
13 than be phcsphcry latad in the fashion disclosed in Sierakcwska 
and Shucar to forr. the desired mononucleotide- 3 1 -phosphodiestar, 
such as, for example, uridine-3* -< 1-r.aphthy 1 ) phosphate. 

The synthesis schemes described by Sieraxovska et 
al., and Pubsamen et al . , suffer, however, from several major 
deficiencies. For example, in each synthesis method, the 
preparation of the key intermediate, 2', 5 • -bis-0-( tetrahydro- 
pyranyl) -uridine, involves an undesirable, lengthy chrmcta- 
craphy. Further, the resulting product is a mixture of ciaster- 
ecmeric pairs in low yields; and this complicates subsequent 
20 synthetic steps. Finally, the overall synthesis is labor- 
intensive. 

Closely similar schemes to those of Sierakcwska et 
al. and P.ubs amen et al. are disclosed in Polish Patent No. 
81369. In one synthesis described therein, 2 1 , 5 1 -ci-O-tetrahy- 
dropyranyl-3 , -uridine-(l-na?hthyl) phosphate is formed in 
cicyclohexylcarbociimide and pyridine by the reaction cf *a 
salt cf i-naphthyl?hosphcric acid, (e.g., the pyridine, aniline, 
lutidine .or tri-n-buytl amine salt of the acid) with 2', 5'-ci- 
C-{ tetrahydropyranyD-uridine. In ancther synthesis described 
therein, uridine 2 ' -C-t etrahydrcpyrany 1 -5' -O-methyl -2 • -( 1- 
naohthvl) ohcsthate is formed in pyridine by the reaction cf a 
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salt cf 1-naphthylphcsphoric acid and I 1 -0-rae thyl -2 1 -OH tetra- 
hydropyrar.y 1 }-uridine. These schemes likewise suffer from the 
deficiencies of the Sierakowska et al . and Rub semen' et al . 
methods. 

In addition, methods are known for preparing cligori- 
bonucleotides which incorporate the synthesis of 2' , 5*-ciblccked 
nucleotides as intermediates. Thus, in J. Smrt and Sorm, 
Collection Ccsehoslav. Chem. Ccmmun. 27 , 7 2 (196 2), ur icy lie 
acid is converted into 5 ' -0-acetyl uridine 2 * , 2 '-cyclic phes- 
3 phaca which, after enzymatic cleavage of the cyclic phosphate 

by pancreatic ribcr.uciease, results in 5 * -0-acetyl uridine- 
3 ' -phosphate, which is then transformed into 2 • -O-tetr.ahydro- 
pyranyl 5 1 -O-acetyluridine 3 ' -phosphate by the reaction with 
dihydrcpyra.t. 

In this method, acetylation at the S'-hycrocyl of 
the cyclic phosphate is utilized as a synthetic convenience 
for preparing intermediates in the synthesis of oligoribonu- 
cieotides. Deblocking cf the 5' -acetyl is ultimately carried 
out in the formation of the desired oligoribcnurleotide. 
tC This, however, does not describe a suitable method for synthe- 

sizing a chrcnogenic anc/cr fluorocenic noncnucieo tide- 2 ' - 
phesohodiester. Moreover, insofar as is known, the Smrt et 
al. methods have not heretofore been utilized in making such 
chromogenic and/or flucrcgenic mononucleotide- 3 ' -phesphodiestars , 
despite the deficiencies of prior methods. 

Thus, despite the considerable number of methods 
. that have been developed and utilized for synthesizing various 
substrates suitable for use for monitoring enzymatic or cata- 
lytic activity, there remains the need for further development 
2C which can overcome the various shortcomings cf the presently 

kr.cvr. svr.thetic methods. None of the synthesis schemes 
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described above are currently being used comre rcial iy for the 
manufacture of mor.onuc leotide-3 * -phesphociesters insofar as 
is known. 

It is, accordingly, an object of the present in- 
vention to provide a novel method f zz ' syr.thes izing mononucleo- 
tide 3 ' -phosphodiesters having a chrcnocenic and/or fluorcger.ic 
functional group at the 3' -phosphate moiety of the furanoside 

ring for use in ircnitcring catalytic or enzymatic activity. A related object 
is to provide a method for synthesizing such mononucleotides in a manner so as 
to eliminate the forration of undesirable diasterecreric pairs. 

10 

Another object is to provide a novel method for 
synthesizing chrcmogenic and/or fluorcger.ic mononucleotide 
3' -phesphociesters which is less labor intensive than previous 
syntheses. 

Yet another object of this invention is to provide a 
novel synthesis of chrcmoger.ic and/or fluorcger.ic mor.uc lectide 
3* -phosphodiesters which results in improved overall yields. 

Still another object of the present invention is to 
provide a novel syn thesis of chrcnogenic and/cr flucrogenic 
20 mononucleotide 3 ' -phesphociesters, which -ay be carried out on 

a isultigrac scale sufficient for commercial use. 

These and other objects and advantages of the pre- 
sent invention will become apparent frcn the following detailed 
description. 

While the invention is susceptible to various modi- 
fications and alternative fc— s, there will herein be described 
in detail the preferred embodiments. It is to be understood, 
. however, that it is not intended to limit the invention to the 
soecific forms disclosed. Cn the contra-', it is intended to 
•30 cover all modifications and alternative ferns falling within 

the spirit and scope of the invention as expressed in the 
*-??er.zzz claims. ?cr example, while the present invention 
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will be primarily described in conjunction with the ' forme t ion 
o: a uridine- 3 * -phosphodiester, it should be appreciated that 
bases other than uracil may be employed, as will be described 
herein * 

SUM MATY OF THI INVINTIC" 
In general, the present invention is predicated on 
the discover/ that mononucleotide- 3 * -phosphodiester substrates 
having a chr otogenic and/or fluorocenic functional group at 
j the 3 ' -phosphate moiety may be readily synthesized frcn a 2*,. 

S'-diblocked mcncnuc leotide by reaction with a compound con- 
taining the desired chrcnogenic and/cr fluorocenic moiety to 
form the 2 1 -, 5 1 -blocked cr.rcraocer.ic and/cr fluorocenic sub- 
strate. In general, a 2* , 3* -cyclic phosphate is first blocked 
at the S 1 -hydroxy! to form an intermediate, which is subjected 
to enzyme cleavage of the 2* -ester bond thereby resulting ir. a 
z * -blocked-3 ' -nononuc leotide. The 5 1 -blc exec -3 ' -mononucleotide 
is then reacted with a suitable blocking croup to form a 2* , 
S'-dibiockec-S' -mononucleotide, which is ir. turn reacted with 
3 the desired chrcmcphcre and/or flucrcphcre to form the blocked 

substrate- 

In accordance with an alternative procedure, the 2* , 
5 ' -ciblocked^ 1 -mononucleotide r.ay be cephesphcry lated to 
form the 2*, 5 ' -diblcckec mcnonuclecside, which may then be 
, reacted with a phesphory lated derivative cf the desired chro- 
mophcre and/cr fluorophore. 

The chroraogenic and/or fluorocenic mononucleotide 
3 ' -phosphodiester substrates may be utilized for monitoring 
the catalytic activity of a variety of enzymes, such as for 
20 example, ribcr.uc lease A, Z^ t and the like; and/cr pclypeptide 

pairs having the catalytic activity cf such enzymes. The 
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chr erogenic ar.c/or fluorogenic mcncr.uclec tide substrates 
formed by the method of this invention arc especially useful 
in the immunoassay methodology disclosed in the previously 
identified co-pending Farina et al . application. 

DSTAI1ID DESCRIPTION 0? TH Z 
PP.£Fi?.R£D EMBODIMENTS 

In accordance with the method of the present in- 
vention, suitable starting materials comprise a mixture of the 
2'- and 3 ' -phosphate iscmers cf a mononucleotide having the 
1.3 following structural formula: 




i i 
o o t 

OH 



wherein 3 is a nucleotide base. 

In this structure, there appear to be certain steric 
constraints which must be met in order to -ultimately provide a 

20 substrate suitable fcr monitoring the catalytic activity cf, 

for example, ribonuclease A-induced or related polypeptide pairs 
induced hydrolysis. Thus, the trans, cis orientation cf the 
base 3 and substituents at positions I*- and 2 ' - , 2'-, respec- 
tively, appear to have rigid structural constraints to provide 
a suitable substrate. However, the substituents at tha 4'- 
position, that is, CM. OH, may apparently have a configuration 
where the CK^OH group is cis to both the 2 f - and 3 f - functional 
groups,- without affecting the desirable attributes cf the 
substrate. A. Holy and T . Scrn, 3icchemica . Bioshvsica . Acta. . 

3C 161 , 25 (1SS£). Accordingly, while the method cf the present 

invention will be described in conjunction with the preparation 
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of a substrate wherein the 4 1 -CH^OH subscituent is trans to 
the 2'-, 3 • - substituents, it should be appreciated that the 
method is likewise equally applicable to the preparation of a 
substrate wherein the 4 1 -CH^OK substituent is cis to the 2'-, 
3 1 - substituents. 

From the functional standpoint, the selection of the 
base should take into account the following factors, in addi- 
tion to, of course, its effect on product stability: (IJ any 
modulation (increase cr decrease ) of catalytic activity, (2) 
13 the difficulty of synthesis, (2) the effect on endogenous 

enzymatic activity and (4) the solubility in aqueous or other 
mediums of interest should not be adversely affected to any 
significant extent. Other factors to consider ir.ciude possible 
effects on hydrolysis and ncn-specific medium induced hydroly- 
sis. 

A wide variety of pyrimidine analogs are useful 
bases, including uracil, dihydrouracil , cytosine, dihydrocyto- 
sine and halogenated uracils- Additional ly , based on data 
extrapolated from results on the ribonuclease-induced hycrcly- 
20 S is of both the natural substrate, RNA, as well as various 
svnthetic substrates, such as, for example, nucleotide hcmc- 
poiymers, F.M. ?.i charts and n . W . Wyckcf f in The Ir.tvnes , (?.D. 
3oyer , Sc.), Academic Press, 3d edition, Volume 4, paces 
647-806, London and New York ( 197S) , the following pyrimidine 
analogs should be suitable bases: 

• r* ? r : ? A 

. .■ Q O. La U, u. M= 

G G tl "Q O 
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While the use of purine analogs as bases, such as, 
fcr example, adenosine and cuanosine, will not provide active 
substrates for monitoring the catalytic activity of* ribcnu- 
clease A, these bases should trove useful when ribcnuc lease ? 2 
activity is involved. Further, any other pyrimidine, purine 
or the like analogs may be used consistent with the functional 
considerations set forth herein. 

In carrying out the first step of the method, the 
mixture of the 2'- and 3'- phosphate mononucleotide isomers 
are reacted with a condensation reagent to form a mononucleo- 
tide^ 1 , 3*-cyclic phosphate. A suitable condensation reagent 
is N\ S'-diryclchexylcarbcdii.-ide (DCC). Other condensation 
reagents which, may also prove useful include 1, T-carbonvl- 
dii.tida.2cle, l-hydrcxyber.oc triaocle mcr.chydrate (EST), i-cvclo- 
hexyl-3-( 2-msrpholir.c-ethyl )-carbodiizide methc-p-toluene sul - 
donate ( morpho-c:: ) , !-( 2-dime thy 1 ani nop ropy 1 ) -3-ethyl carbc- 
diimide hydrochloride [ZZZ ) , N-e thcxyc arbo ny 1 - 1 -e th cxy- 1 , 
2-cl""ydrocuinoline, and ethyl 1, 2-c^hydro-:-ethcxy-l^ruir.oiir.e 
carbcxylate (II2C). The use of an auxiliary reagent such as 
tert-butyl alcohol may be helpful. Alternatively, N -hydro: y- 
succir.imide, N -h ydr or/p iperidine, and N*-hydr:ocyphth aiimids may 
be perhaps employed in place of the tert-butyl alcohol. 

The useful process pera.*neters for carrying out the 
condensation step may vary over a wide range. Vith regard to 
the relative proportions of mononucleotide and condensation 
reagent, a mole ratio range of about 1:2 has been found suit- 
able. Mole ratios of from about 1:1 to about 1:5, or perhaps 
more, should be likewise useful. A basic medium, provided by 
an ammonia solution, in a polar solvent such as N\ N-dimethyl- 
£ t rr.ar.i t e should be used. Other polar solvents such as pyridir. 
tatrahydrc furar. and dicxane and reagents ether than ammonia to 
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provide the resulting :is:c medium should be capable of being 
usee. The particular proportions of these components is not 
believed to be particularly critical, and suitable illustrative 
proportions are set forth in the ixanples, as will be described 
hereinafter. The reaction can be carried out at a temperature 
of about 110*C. for a period cf about 3 hours. A temperature 
ranee of about 30°C. to about 120*C. and a reaction time of 
about i to about 5 hours could be utilized. 

The second step involves the formation of 3 • -0-biocxed 
uridine-2', 3 ' -cyclic phosphate, formed from the reaction of 
uridine 2', 3 1 -cyclic phosphate with a suitable blocking 
reagent. The reaction is set forth below: 




The blocking croup and the manner in which blocking 
is effected should be selected so as to accomplish the follow- 
ing objectives: (1) the introduction cf the blocking group 
should be capable of being readily carried cut and should net 
adversely affect the integrity of the other important functional 
- incieties, e.g., - avoidance cf decycli ration, (2) once intro- 
duced, the blocking group should be capable of being retained 
in subsequent synthetic steps until it is desired, if it is, 
to deblock and should further not interfere to any significant 
extent in such subsequent synthetic steps and (2) if retained, 
the blocking grout should not adversely affect the performance 
f the resulting substrate in its intended application. 
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Tor example, if the Moaning g r c up is too large, it 
may decrease reactivity of the blocked moncnuc leot ide in the 
phosphodiester synthetic step which will be described herein- 
after. Further, if retained in the ultimate substrate, it mav 
hinder the action of the enzyme or catalyst on the substrate. 
Functional groups which may in some fashion effect a modulation 
(i.e. - either increase cr decrease) of the enzymatic or 
catalytic activity or which may interact with the phosphodi- 
ester substrate to destabilize it, as for example by hydroly- 
sis, should be avoided. Other considerations include: (1) 
the solubility in aqueous or other mediums cf interest should 
not be adversely affected to any significant extant, and (2) 
the effect on endogenous enzymatic activity, if the blocking 
group is retained. 

In general, the blocking group ?. -ay be any acid or 
base labile mciety. Suitable blocking groups thus include 
alkyi, alkeny 1 , cycloalkyl, aryl, araalkyl , acy 1 , cxaalkyl, 
tlticaikyl, cxacyclcalkyl and thiccyclcalkyl . Mora particu- 
larly, methyl, ethyl, allyl, cydchexyl i. phenyl, benzyl, 
nitrobencyl , acetyl , 1-methcxyethyl , 1-ethexyethyl , i-ethylthio- 
ethyl , tetrahydropyrany 1 , te trahydrc thief ur any 1 , tetrahydro- 
th.icpyran.yl, and 4-methcxytetrah>^rcpyrar.-«i -yi may perhaps be 
suitably used. 

Blocking cf the ''-hydroxy! substituent cf the 
furar.es ide ring, as shown, where .-. is acetyl, is particularly 
advantageous due to elimination cf the formation of undesir- 
able diasterscm-r ic pairs. In addition, the acetyl group is 
sufficiently small so that it does net decrease reactivity cf 
the blocked mencnue lectids in the phosphodiester synthetic 
step. Vet another advantage cf the acetyl group as the 3'- 
bloching group is that overall yields of suitable substrate 
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Further, with recarc to performance cons if eraticr.s , 
-he presence of the S' -acetyl group in the final product does 
not appreciably affect the activity of the substrate towards 
various encymes, such as, for example, ribonuclease A or ? 2 . 
or catalytic polypeptide pairs, such as, for example, the 
S-peptide/S-prctein polypeptide pair utilized in the methodol- 
ogy described in the co-pending Farina et al . application. 
>.lso, its presence does not adversely affect the stability of 
the resulting substrate. For these two reasons, it is ur.nec- 
1C essary to remove the acetyl group. Indeed, the presence of 

the acetyl croup in the resulting substrate as the £ '-blocking 
grout may well mir.ir.i2e or obviate various deleterious effects 
such as, for example, ncr.-specif ic, medium- induced hydrolysis 
which could possibly occur in a deblocked substrate. 

The blocking of the 5 ' -hydrcxyl o.f the 2 1 , 2 ' -cyclic 
phosphite car. be suitably carried out in an atretic polar 
solvent such as those which have beer, previously described, 
finer, ar. acetyl croup is used for blocking, the reaction may be 
carried cut using the following parameters: (1) a concentra- 
20 tier, of the unblocked product in pyridine of from about 0.2 M 

to about 0.5 K , (2) acetic anhydride in stoichiometric excess 
of the unblocked product of from about 60 to about 30 equiva- 
lents, (3) a temperature of from about 15°C. to about 3C*C. 
and (<) a reaction time cf from about 5 to about 15 hours. 
" These parameters may be widely varied, and the following 
should likewise be useful: (I) a concentration of fram about 
0.1 to about 1.0 K , {2) use of acetic anhydride or other 
. acetylation reagents such as acetyl chloride or other acetyl 
halides in excess of from about 10 to about 100 equivalents, 
30 (2) temperatures of from about ICC. to about S0*C. and (<} a 

reaction time of free about 2 to about 20 hours. Other blockin 
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croups such as aikyl , cycloaikyl and araalkyl nay be intro- 
duced by known cispiace/nenc reactions. troductior. of oxa- 
alkyis, oxacycloalkyls, thioalkyl and thiocyc loalkyls nay be 
carried out by acid-cat aiyted addition to the corresponding 
olefinic ethers; and this will be ncre fully described in the 
discussion of the 2' -blocking group which follows. 

The third step cf the synthesis involves the specific 
phosphate ring opening to provide a specific 2' -phosphate 
racier/ to which a suitable chrcncphcre and/cr flucrcphcre r.ay 
10 be chemically bended. The reaction requires a specific and 

efficient catalyst so that essentially only the 3' -uridine 
phosphate is formed, k suitable catalyst for this purpose is 
pancreatic ribenuciease. Other synthetic or natural catalysts 
having the requirements defined herein nay likewise be used. 
The reaction sequence is depicted belcv: 

i i 7 .1 i 

0 0 0 OH 

\ / I 
P 0=?-GH 

tf 0H OH 



The reaction rtay be carried out in an aqueous polar solvent 
{e.g., - pyridine) solution containing, for example, about 20% 
" pyridine, using a sufficient aircur.t cf catalyst to provide 
convenient reaction tines. As an exar.pl e , a catalyst concen- 
tration of about li by weight, based cn the weight of the 
cyclic phosphate, is satisfactory. 

The resulting decyclioed product nust then be iso- 
lated by removal cf the catalyst and concentration cf the 
liquid product. This rr.ay be acoor.pl i shed by, for exa-pls, 
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renoving the ci ^al y s t using an ion exchange column and then 
concentrating the reaction solution. When pyridine has been 
used, the resulting product is a pyridiniun salt. If desired, 
the concentrated pyridiniun salt -ay be converted to annoniun, 
tsrt -buty 1 annoniun, caiciun, sodium, lithium or the like 
salt, this may be carried cut by precipitation from an appro- 
priate aqueous solution (e.g., - aqueous tetrahydrofuran) . 
The use cf the anmcr.iu.n salt offers a particular benefit in 
that modification is unnecessary in subsequent synthetic 
steps. On the ether hand, the caiciun salt provides a more 
crvstai line, readily isolated and easier product to handle. 

The fourth step cf this procedure involves blocking 
cf the 2 ' -hydroxy! group: 




OH oh 

wherein is a 2 1 -O-blocking group. 

Suitable 2'- blocking groups should meet the fol- 
lowing : criteria : (1) readily introduced without affecti.tg the 
ether key functionalities, (2) compatible vith the subsequent 
chesphociester f oration step, and ncre particularly, should 
mini-ire or eliminate undesired side reactions in such step, 
(3) sufficiently stable to allow leng-tera storage without any 
adverse deleterious affects and (4) easily removed without 
disruption of the phesphodiester bond. These criteria, and 
especially the last one, are most readily net by use cf a 
blocking group capable cf being introduced and removed by 
acid-cataiyred reactions. Thus, suitable blocking groups 
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indues cxaaikyi, thicalr.yl, cxacyc loaiky : , silyl derivatives 
and thiocycioalkyl . More particularly, te trahydrcpyranyl , 
4 -ne thcxyt e trahyc rcpyr a n-4 -y 1 , and tert-butyl dine thy 1 s il yl 
say be used. 

The blocking reaction say be accomplished in an 
aprotic polar solvent, such as N, t;-disethy If orsamide or 
dicxane. Diglyne, te trahyc rcfur an or acetone may also be used. 
As a specific example, when the blocking croup is tetrahydrc- 
pyranyl, blocking can be carried out by combining cihyd rcpyr an 
; Z or 4-methcxy-5, S-dihydro-2-H-pyran, generally in an amount 

well in excess of the stoichiometric amount to insure that the 
reaction gees to completion in a convenient tine period, with 
a catalytic amount of an acid catalyst such as dry hydrogen 
chloride in cicxane. The reaction will generally be completed 
in about 2 to about 15 hours- The temperature say be varied 
from about -20 8 C, to about 25°C. Other useful, acid catalysts 
include p-toluenesulf cr.ic acid and trifl uorcacetic acid, 
likewise, the reaction tine nay be as little as one hour or as 
long as 2C hours, and the temperature can vary frora about -ICC 
20 to about 5C*C. This general reaction scheme is equally appli- 

cable for introducing the ether blocking groups set forth herai 
by an acid-catalyzed reaction. Alternatively, a blocking group 
may be used which is capable of being introduced by known 
displacement reactions and removed by photochemical means. An 
- ex an pi e of this type of blocking group is c-r.itrcberr.yl. 

In one embodiment of this invention, the fifth step 
forms the chrcmogenic and/or flucrogenic scncnucleotide-2 ' - 
phesphociester substrate by the es.terif ication reaction of the 
intermediate 2', 5 ' -O-diblockec mcncr.uclec tide with a 
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flucrcphore o: 
below: 



romcphore moiety ?.V The reaction is depicted 




0 OR* 

I 

0=P-OH 
OH 



0 OR* 

1 . 

C = P-OH 

I 

OR" 



Functionally, R" can be defined as any cicietv which 
1C will crevice the substrate with flucrccenic and/or ch::i5oca:.ic 
properties, the ?.- croup rr.ay be an aryl, araalkyl , hetercaryl 
or heterocyclic compound. In the preferred embodiment, * m is 
uabelii* erony 1 , 4 -n>e thy 1 Uriel liferonyl or 3-flavcr.yl. Other 
suitable ?.* croups include aryls such as, for example, l-r.aph- 
thyl. Further other R croups which are suitable are aryl crcuos 
which incorporate electron wither awing and conjugating suhsti- 
tuents which increase the acidity of ortho and para benzoic acid 
Such croups include, crthc, meta and para nitrophenyl, 2,4-cir.i- 
trcphenyl, cyar.opheny 1 , acylphenyl, carbcxypheny 1 , pher.y Isulf o- 
2C nate pheny Isulf cnyi and pher.y Isulf oxide. In general, mixtures 
cf mono and hi-substituted derivatives may likewise be suitable. 

the alcohol form cf the chromophore and/cr fluoro- 
phcre moiety is typically, and preferably, used to fcrr. the 
blocked subs trite product. 

The estarification reagent selected should net cause 
deblocking cf the 2* -blocking group, and should be easily 
separated from the phesphodiester formed. Further, and imecr- 
tar.tly, the reagent selected should provide high yields under 
rtiic reaction conditions. Suitable reage-ts include 2, 4, 
30 6-triiscpropylbencenesulfonyl chloride , S, N 1 -cicyc lohexyl - 
carbodiimide and raesityienesulf ony 1 chloride, toluer.esulf cr/.'l 
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chloride, mesitylenesulfonyl imidazole, p-tolue.nesu if=.,yl 
iaid.zolid.. picryi chloride, 1-f 3-di-thyX.Binoprepyl j- 3 '-.thyl 
carbodiimide hydrochloride, and other carbodi-.ide analogs 
wi:h or without additives such as, N-hydrcxy-succinimida , S-hy- 
c—xyphthaiimide, and the like are also suitable. 

With respect to the 2', 5 ■ -dibloc3-.ed-uridir.e-3 1 - 
monophosphate, it has been found necessary under the reaction 
conditions employed to use either the pyridinium or the amnor.ium 
salts. Accordingly, if the calcium or the metallic ion salts 

10 have been utilised in the prior synthetic steps, it hM bMB 

round necessary to convert to the desired salts by iaa exchange. 

With regard cs the esterif icaticr — 

*r. excess cf the chrcmocer.ic and/cr f luorcge.-.ic alcohol is 
used to aucisis. yield, although an excess is not retired. 
To maximize the yield, it has beer, found satisfactory to use a 
molar ratio of about 2:1. rhe reaction may be carried out in 
ar. atretic polar solvent such as N, N-diae thy 1 form amide, 
cicxane or tetrahyd.-ofurar. ar.d the li* 9 , in the presence cf a 
base, such as, pyridine. It has been fou.r.c suitable to employ 

22 cry pyridine base as a solvent, at a temperature in the range 
of fro., about -20'C. to about 25«C. Further, the time for the 
reaction may range from about S to 18 hours. These reaction 
conditions may be varied, if desired. Thus, the temperature 
jnay range from about -2CC. to about 50'C. and the time from 2 
to 72 hcurs. 

An important aspect of this method cf synthesis is 
rhat it provides * substrate suitable for use in, for ex^ple, 
i-rzur.cassays, without requiring purification by, ; zr excels, 
enrc.-atocraphy , prior to such use. 
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In an alternative embodiment of the present inven- 
tion, the fifth ste? of the procedure provides first for the 
fcrr.aticn cf a 2', S'-cibiocxec monor.ucleo side, by dephcsphory- 
lit ion of the 2', S'-diblocxed mononucleotide by the utiliza- 
tion, of methods known in the art, such as, by the use of, for 
axa-r.ple, phosphatase • or ?b ( 1 1 ) hydroxide, to effect cleavage 
of the 2 ' -phosphate. The 2', i'-dihlocked mononucleoside sc 
fcrr.ed "ay then be reacted with a phosphorylatec derivative of 
the desired chrcnscphcre and/or f lucre-shore moiety, tc form the 
. : 3 2 ' , S'-cibiociced acncnucieotide-2 ' -phcsphodiester substrate. 

The chrcncphore and/or flucrophore mcieties, ?. 1 1 , suitable ftr 
use in this e.tbodi.T.ent of the invention are the sane as the 
V f moieties previously described. ■ 

The selection cf the particular embodiment used to 
fern the phcsphodiester nay defend on the particular chrsrao- 
chcre and/or flucrcphore moiety used. For exanpie, with the 
naphthyl chrcnxphore, it =ay well be desirable to utilize the 
alternative enbodi^ent. 

The 2', 5 f -dihlccxed substrata prepared by either cf 
20 the alternative rsethccs, is a stable cotr.pocnd which aay be 

stored for extended periods. However, deblocking of the 
2' -blocking grcup is necessary to provide a suitable enzyme 
substrate. The deblocking reaction is set fcrth as follows: 



RO-, 



0 OR* 0 OH 



C=P-OH C-P-OH 

| t 
OR" OR" 
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Acid-catalyzed deblocking may be carried out in a 
orotic solvent such as water using mild conditions with dilute 
acid for a short period of time. Commonly used acid catalysts 
include hydrochloric acid, tri flucrcacetic acid, ?-toluene sul - 
foaic acid, and acetic acid. A preferred reagent is dilute 
hydrochloric acid in a molar concentration of frcm about 0.01 
to about 1, more usually 0.01 to 0.1 and orsferablv 0.01 to 
0.05. Acid forms of ion exchange resins may also be used. 
When the blocking group is silyl, deblocking may be effected 
by a nucleophilic reagent such as, for example, tetrahutyl- 
ammcr.ium fluoride. 

With regard to the deblocking conditions, ambient 
temperatures are suitable. The deblockinc reaction time mav 
be varied over a relatively vide period, depending on the 
concentration of the deblocking reagent and the tarr.oeratu.re at 
which the deblocking reaction is carried out. Generally, the 
higher the temperature and the higher the concentration cf 
acid, the shorter will be the appropriate reaction period. 
Thus, the reaction nay be carried cut for from about I minutes 
to about. 2 4 hours, mere usually free, about 1C minutes to about 
12 0 minutes, and preferably from about 2C to about 6 0 minutes. 
The use cf too severe reaction conditions should be avoided as 
this may:leac to deleterious hydrolysis of the deblocked 
substrate. 

The following Examples are merely illustrative cf 
the present invention and are net intended as a limitations on 
the scooe thereof. 



i 1 
.m " w This Ixample illustrates the rretaraticn c: uridine 



2 ' , 2' -eye lie ehesehats. 
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A solution cf 10 c, 0.02; role, comprising a fixture 
of uridine 2'- and 3 ' -phosphates in 74 mi of IH-amncnia was 
successively mixed with 50 ml of H, N-dimethyi f ormacide [CUT) , 
and a solution of 15 g, 0.075 mole, of di cyclohexylcarbodi imide 
in 50 ml of terr -butyl alcohol. The resulting reaction mixture 
was re fluxed for three hours in an oil bath at I20°C. 

A high pressure liquid chrcmotography (H?LC ) analysis 
was cone on a portion of the reaction mixture to determine 
whether the starting materials were converted to product. 
Al.ructs of tr.e reaction product mixture 'were concentrated 
under vacuum (bath 33 W C. ) , the residue was dissolved in water, 
and the solution was filtered through a 5 un Mil liccre* filter. 
Samples were then injected into a Vhartan Partisil" 10/25 SAC 
cclurut and eiuted with buffer composed of 20% phosphate, 
CCS M at about pH 5.2=, and 3C% water at a flow rate of 
1 ml /lain. The E?LC analysis showed a quantitative conversion 
of starting uridine into product. 

The total product mixture was then allowed to cool 
to room temperature, and dicyclchexylurea precipitate was 
separated by filtration and washed with 20 ml of CK" . The 
filtrate was then evaporated ^in vacuo at 12-15 Terr, bath at 
about 35*C, and the residua was shaken with 100 ral of water 
and filtered to remove dicyclohexylurea. The solid was washed 
further with 20 cl cf water, and combined solutions were 
extracted twice with 150 rr.l of ether, and evaporated to dry- 
ness in vecuo, bath at about IS'C. The residue was cc-evaror- 
ated with two 100 ml portions of pyridine, using a liquid 
nitrogen trap at C.01 Torr to obtain a glassy product, uridine 
2', 3' -cyclic phosphate. 
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EXAMPLE II 

This Example illustrates the preparation of S'-O- 
acetyiuridine 2', 3'-cyclic phosphate. 

The uridine 2', 3'-cyclic phosphate, prepared in 
Example I was dissolved in l 00 ml of anhydrous pyridine and 
200 ml of acetic anhydride. The solution was kept in the dark 
at room temperature overnight. At this point, an aliquot of 
the reaction product was analyzed by HPLC at the conditions 
given in Example I. The HPLc shewed one major peak at 1.7 
minutes, which is indicative of the product 5 ■ -O-acetyluri- 
di.-.e 2', 3 '-cyclic phosphate. The total product mixture was 
evaporated to dryness at 0.1-1 Torr bath at about 25'C, using 
a liquid nitrogen trap. The residue was co-evaporated with 
two 50 ml portions of pyridine to remove residual acetic 
anhydride, and then dissolved in 100 =1 of 50% aqueous pyridine. 
After stirring for one hour at room temperature, the solution 
was evaporated to dryness at -oca temperature, at 0.03 Torr, 
to obtain product. 5 ■ -O-acetyiuridine 2'. 3 '-cyclic phosphate. 

SXLMPIZ -II 

This Example illustrates the preparation of the 
pyridir.ium of S ' -O-acetyluridir.e 3 ' -phosphate. 

The glassy product, 5' -O-acetyluridine 2', 3'-cviic 
phosphate prepared in Example II was dissolved in 200 ml of 
20% aqueous pyridine. To the solution was added 50 mg of 
pancreatic ribonuciease in 5 ml of water. The mixture was 
kept at room temperature overnight for approximately 15 hours 
with stirring in the dark. At this point an aliquot of the 
reaction product was analyzed by h?ic at the conditions given 
in Sxartple I. The HPLC showed one major peak at 4.5 minutes, 
which is indicative of the product 5* -0'acetylurir.ine 
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3 ' -pnosphate. The product mixture was then passed through a 
2.2 x 4 cm ion exchange resin column of Dowex* 5GW-X8, in which 
100-200 mesh, hydrogen ion form resin had been converted to the 
pyridinium form before use. The resin was eluted with 300 mi 
of 20% aqueous pyridine. The eluant solution was concentrated 
to an oily residue at 0.1-1 Torr, at about 35°C. The oily 
residue was dissolved in 5 ml of water and 2 00 ml of tetrahydro- 
ruran (7HF ) . To the solution was added 27% NH^OK drepvise with 
stirring until no mere precipitate formed. Approximately 3 ml 
SH.OH was added. The mixture was kept coid overnight, filtered, 
and the residue was co-evaporated twice with seme dime thy If ormamice. 
The resulting residue contained the pyridinium salt of S'-O-acetyl- 
uridine-3 1 -phosphate. 

This Example illustrates the preparation of 5 f -0-ace- 
tyi- 2 ' -0- ( tetrahydropyran-2-yi) uridine 3 ' -pyridinium phosphate. 

A stirred suspension of 12 g, 0.025 mole, of the 
finely-ground pyridinium salt of 5 ' -O-acetyiuridine- 3 ' -phosphate 
prapared in Sxairrale III, ISO mi of - anhydrous N . N-dimethyif cr- 
mamide, and 70 mi cf dihydrcpyran, was coded to -2C*C, and 
treated droowise with 14.2 ml of 5M hydrogen chloride in dio- 
xane over a 15 minute period, under exclusion of atmospheric 
moisture. The cooling bath was then removed and stirring was 
continued until a clear solution was obtained, i.e., about two 
hours. After storage overnight at room temperature, the mix- 
ture was coded to -20°C. and treated with 12 mi of triathyi- 
amine and 2 ml of ammonium hydroxide; and the resulting suspen- 
sion was poured into 500 ml of THF and 500 mi of ether. The 
precipitate was collected and removed on a medium porosity 
sir. tared -glass funnel. The filtrate was evaporated under vacuum 
to evaporate solvent and unreactad dehycropyran. The residue 
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was taken into 50 ail tetrahydrof uran and stirred. To the suspen- 
sion was added LOO ml ether t separate the product from tetra- 
hydrofuran polymer. The ether layer was separated and washed 
one more time with 50 ml ether. The residue was dried in 
aspirator vacuun and then in high vacuua using a liquid nitrogen 
trap and the ammonium salt product was obtained. 

EXAMPLE V 

This Example illustrates the preparation of 5 ' -O- 
acetyi-2 ' -O- { tetrahydropyran-2-yl) uridine 2 1 - ( 4-methyiumbel- 

10 iif erone-7-yl) pyridiniuia phosphate. 

A mixture comprising 1.00 g (2.01 rraole) of the 
5 ' -O-acetyl-2 1 -0- ( tetrahydropyran- 2-yl) uridine pyridinium phos- 
phate prepared in Example IV and 0.521 g (3.00 mnole) of 
4-methyIumbeilif erone and 1.52 g, (5.02 mmoie) of 2, 4, S-trii- 
sopropy Ibenzenesuif cr.yl chloride, in 6 ml of dry pyridine, was 
stirred under exclusion of atmospheric moisture. The mixture 
gradually became a homogeneous yellow solution after about 30 
minutes at room temperature. After about one hour, the pyri- 
dine HC1 salt precipitated. After stirring overnight, 5 ml of 

20 water were added and the stirring was continued for an addi- 
tional tvo hours. The mixture was concentrated at room temper- 
ature, in vacuo , using a liquid nitrogen trap, and the solid 
product mixture was dissolved in 15 ml of water. The solution 
was extracted five times with 50 ml ether, per extraction, 
until most of the unraacted 4-methylumbellif erone was removed, 
as indicated by the decrease in flurcscent emission at 45C nm 
when the solution was excited at 325 nm. The water solution 
was lyophiiized , in vacuo , to give product containing 5'-C- 
acetyl-2 ' -0- (tatrahydrcpyran-2-yl) -uridine- 3 ' - ( <-methylumbeili- 

-0 fercne-7-yi) pyridinium phcsphate. 
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EXAMPLE 
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This Example illustrates the preparation of 5 ' -O- 
acetyluridir.e-3 ' - ( 4-methylumhellif erone-7-yl) pyridinium phosphate. 

Prior co use, the 5 1 -O-acetyl-2 1 -0- (tetrahydropyran- 
2-yl)-uridine-3 ' - (4 -methylumbeiiif erone-7-yi) pyridinium phosphate 
prepared in Example V was readily deblocked with hydrochloric 
acid. fifteen milligrams of the 2' , S'-diblocked phosphodiester 
were added to 1 ml of 0.01N HC1 to give a clear solution. After 
4 5 minutes, the product solution was extracted six times with 
1 ml of ether to remove residual 4 -methylumbeiiif erone. Nitrogen 
was then blown across the aqueous solution to remove the last 
traces cf ether. The working solution was prepared by diluting 
to 100 mi with 0. IN sodium acetate buffer of about ?H 5.0. The 
substrate was stable in the working buffer for at least two days 
at 4"C. 

EXAMPLE VII 

This Example illustrates the preparation of the calcium 
salt cf 5*-0-acetyluridine 2 1 -phosphate. 

The 5 1 -0-acetyluridine-2 l , 3' -cylic phosphate prepared 
as described in Examples I and II (using 4 crams cf a mixture 
of the 2'- and 3'- phosphate isomers of uridine) was dissolved 
in 100 mi of 20% aqueous pyridine. To the solution there was 
added 50 mg of pancreatic ribonuclease A. The solution was 
stirred in the dark at rocm temperature for 15 hours. 

An aiicuct of the solution was analyzed, after removal 
of ribonuclease A by passing through 3cwexMo column, by K?!C 
at the conditions given in Example I. The analysis showed a 
very small starting amount of cyclic phosphate at 1.7 minutes 
and a major product peak at 4.5 minutes. 
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An additional 20 mg of ribcnuciease A was added to 
the remaining product mixture and the fixture was allowed to 
stir at room temperature for an additional 3 hours. The pro- 
duct solution was ^&ssed through a Dovex^-5 0 (1x5 cn) column 
by eluting with 150 ml of 20% aqueous pyridine- The solution 
was concentrated to about 50 ml and poured into 1000 ml of 
anhydrous ethanol containing 5 g of calcium chloride. The 
mixture was stirred at room temperature for 2 hours and then 
allowed to stand to precipitate the calcium salt. The precipi- 
10 cats was collected by centri fugation at 200 0 rpra for about 5 
to 10 minutes, and repeated washing (7 x 150 ml) with ethancl 
and centri fugation. 

The calcium salt cake was washed with two 150 ml 
portions of ether and dried in air. After drying further in 
vacuo, there va,s obtained 13.1 g of product containing the 
calciua salt of 5 1 -0-acetyluridine 2* -phosphate as confirmed 
by analysis (at the conditions given above) which shoved 

one major product peak at 4.5 minutes. 

IX AM? II VZZZ 

20 This Sample illustrates the preparation of 5 ! -0- 

acetyl-2 ' -0-{ 4-methcx ytetr ah ydrcpyran-4-yl ) uridine 3 ' -calcium 
phosphate, utilising 5, 6-cihydro-4-methcxy-2H-pyr an as a 
2 ' ^blocking reagent. 

One gram of 5 f -0-acezy luridine 3* -calcium phosphate 
prepared in Ixample VII was dissolved in S ml of dry N , 
N-dimethylf crr.amide. To this solution was added 5 . Og of 5,6- 
. dihydro-4-methcxy-2E-oyran. The solution was cooled in an ace- 
tone-ice bath to below 0 # C. To the stirred mixture there were 
added 1.4 mi of 5K hydrogen chloride in K, N'-dimethy If ormamide 
20 dropvise in a moisture-excluded aracsphere. After about 20 

minutes, the coolinc bath was removed and the reaction mixture 
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was stirred at rcca temperature overnight, about 15 hours. 
This mixture was again cooled in an acetone-ice bath, and 25 
mi of triethyiamine was added dropwise with stirring.' The 
product mixture was poured into 100 ml of ether and filtered 
to collect white powder. The powder was washed with 100 ml of 
ether, and with 100 ml of 1% triethy lamine in chloroform. 

The solid was first air dried and then further cried 
in vacuo to give 1.393 g of product containing 5 ' -O-acetyl-2 ' - 
0-( 4-me thoxytetrahycrcpyr ar.-4-yi ) uridine 2 * -calcium phosphate. 
10 'd?LZ on Whatman Partisil* ?XS 10/23 3kZ column 

e luting with 0.01M phosphate buffer, pH 6.2, flew rate 1 
ml/min., UV detection at 252 nm, showed product at 3.4 min. , 
while the starting materai has retention time of 4.7 minutes. 

This Ixample illustrates the preparation of 5 ' -0- 
acetyl-2' -0-( 4-methcxyt:etrahydrcpyrar.-4-yl ) uridine- 3 ' -( 4 -methyl - 
umbel lif arone-7-y 1 ) phosphate. 

The hydrogen ion form of 3io-Rad AC* 50W-X3 cation 
exchange resin, l.i g, was converted into" the pyridinium form. 

20 re the column there was added 100 rag cf the product containing 
5 1 -0-acetyl -2 1 -0-{ 4-methcxytetrahycropyran--4 -yi Juridine 3 ' -cal - 
ciun phosphate prepared in Example VIII dissolved in cold 50% 
pyridine solution, and the column was elutad with 270 mi of 50* 
pyridine solution. The eiuant solution was collected in a flask 
cooled in an ice-water bath. The eiuant solution was concen- 
trated to 15 ml on a rotary evaporator using a dry ios trap at 
bath temperature of about 2 5*C. The remaining solution was fur- 
ther concentrated in vacuo using a liquid nitrogen trap (0.05 mm 
Hg) at room temperature to obtain a glassy residue. The residue 

30 was further dried by evaporating twice with dry pyridine. 
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Finally, the residue was dissolved ir. 1 ml of dry 
pyridine and the mixture was charged with S2.72 mg of 4-methyl- 
umbelliferone and 102.7 mg of 2, 4, 6-triisopropylbenzene- 
sulfcnyl chloride. The mixture was cooled in an ice-water 
bath with stirring for IS minutes. The resulting yellow 
solution was further stirred at room temperature for 2 hours 
and allowed to stir overnight, that is, about IS hours at 
about A to 3*C. The total product mixture was then stirred 
with 3 ml of a saturated solution of tetraethy • ammonium brcaide 

i0 fcr S minuses, and then extracted five tines with chicrcfcrr.. 
The chloroform layer was concentrated in vacuo to yield S3S mg 
of light gray solid crude product. 

The phosphcdiester was further purified by a- anion 
exchange column chromatography eluted with ammonium bicarbcr.a^e 
buffer. The appropriate fractions were identified by &SSiy 
with -tfase after deblocking ir. the manner given ir. Example V. • 
The fractions so identified were pooled and concentrated to 

• give 137 mg of solid, which was then dissolved in methanol and 
evaporated repeatedly ^n vacuo to remove ammonium bicarbonate. 

20 As a result, 39 eg cf product containing S 1 -0-acetyl -2 1 -0- (4- 
^eth=xy7:atrij:ydr=?yrar.-4-yi;-uridine-3' -( ^-methylumbeiiif erone- 
7-yl) phosphate were obtained. 
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This Ixample illustrates the preparation of S'-o- 

acetyl-2' -0-(4-raethcxytetrahydr=?:-an-.4-yl )uridine-3 ' -flavcnyl 
phosphate. 

Fifty milligrams of the product containing 2'-0-< 
raethcxytetrahydrc?yran-4-yl)-S'-0-acetyl-3' -uridine calcius 
phosphate prepared in 2xa=?ie Vi::, was converted into the pyri- 
dir.iu.-a salt by passing it through a pyridir.ium form of 3io-*ad 
kZ' S0V-XS, catisr. exchange column. The pyridine solution was 
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concentrated in vacuo and further dried by repeated evaporation 
with dry- pyridine to obtain a glassy residue. 

The glassy residue was dissolved in 1 ml of dry 
ovridine, and the solution was charged with 35.5 rng of 2-hydrc- 
xyflavcne and 51.4 mc of 2, 4, S-triisoprcpylber.r enesulf ony 1 
chloride, with stirring in an ice-water bath under nitrogen 
atmosphere. After 15 minutes, the mixture was allowed to warn 
uo to room temperature and stirred ever the weekend, about 2 



days. 

■» q ^«ictior. mixture was then monitored for product 

formation. A 0.2 ml aliquot of the reaction mixture was 
stirred with 1 ml of saturated t etrae thy 1 ammonium bromide and 
extracted with chloroform 4 times. The chloroform was evapor- 
ated, and the resulting yellow solid was treated with 0.013 
HC1 for 40 minutes. The solution was then buffered at pH 5 
with e 0.1M acetate buffer containing 4 x 10"' alu.mir.ium 
chloride and 1% dimethy Isuifcxide. The resulting buffered 
solution, in the presence of ^ase T 2 enzyme, produced fluores- 
cent emission characteristics of alumina chelated 2-hycrcxy- 
20 flavcne, thereby indicating that the desired product had 
domed. 

The remainder of the reaction mixture was stirred 
for S minutes with 2 ml of a saturated solution of tetraethyl- 
anmcnium bromide. The mixture was then extracted four ti-mes 
with chloroform. The chloroform layer was dried over anhy- 
drous sodium sulfate and concentrated to give 0.355 c cf 
. yellow solid product. The product was further purified by 
chromatography cn a silica gel column, 2.5 x 6.5 cm, and eluted 
with 10* methanol in chloroform. Tractions of 100 milliliters 
2C each were collected and fractions 9, 10 and 11 were shown to 
have positive substrate activity when deblocked in acid, 
as saved with r.Nase. 
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The fractions 9, 10 and 11 were combined ar.d concen- 
ated to obtain 160 ng of product containing 5 ' -0-acetyl -2 1 -0- 
-nethoxytetrahydro?yran-4-yl J -uridine- 3 ' -flavonyi phosphate. 
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WHAT IS CLAly.rr IS: 

1 . A method for preparing a mcncr.ucleotide-3 ' -r-hosphodiester-based 
substrata capable of undergoing catalytic- induced hydrolysis of the phosphate 
ester at the 3'-pcsitioito yialc a species capable of being monitored 
spectrophotcr.etrically or fluorometricai ly . comprising 

(a) -assise a mononucleotide 2'. 3' -cyclic phosphate 



of t.-.e 

H0 V°N 3 

p 0 J 
0 =.P— OH 
OH 



wherein 3 is a nuciectide base, and wherein the CH.CH croup at 
~ e 4' -position is either cis cr trans to the cyclic phosphate; 

(b) blowing said mononucleotide 2", 3'-cyclic 
phosphate at the S • -hydroxy! with a S ' -blocking mender selected 
frcs the group consisting cf alkyi, alkenyl, cycloalkyi, aryl, 
araaikyi, acyl, exaaikyi, tiicalkyl, cxacycloaikyi, and thic- 
cyclcalkyi to :=rr. a aer.enuei.e-.iit S ' -0-biockec-2 ' , S'-cyelis 
phosphate; 

(c) opening said cyclic phosphate so that essen- 
tially only a mononucleotide S'-C-blockec 2'-hydrcxyl 3'-?hcs- 
jhat/is f=rr.ed, under conditions leaving the 5 '-position 

essentially blocked; 

(c) blocking said mononucleotide 3'-0-blocked 
3- -phosphate at the 2 ' -hycroxyl with a 2 ' -C -bio eking aerier 
selected from the group consisting cf cxaalkyl, thioaikyl, 
cxacycloaikyi, silyi and thioeycioaikyi to for* a mononucleo- 
tide 2 , -C-blccked-5 , -0-blockad-2 , -ohcs?hite: and 

(e) rerting a -C-biecked-5 ' -0-cloeked phesphodi- 

ester by bending said mononucleotide 2' -C-blccked-S • -0-ble<*.e. 

r -phosphate with a seit-.y selected fro::, the group consisting 

ef a =h.-=-cpr.ore er flucrcohore; 
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saii 2 '-blocking member being capable of at least 
essentially blocking medium- induced hydrolysis of the phos- 
phate ester at the 3' -position, and said 2* -blocking member 
being capable cf being removed to provide a substrate character- 
ised by the ability to undergo catalytic-induced hydrolysis of 
the phosphate ester at the 3* -position to yield a species cap- 
able of being monitored spectrcphctcme trical ly or f lucrcmetricai ly . 



2. The methcd of claim 1 wherein said 2* -blocking 
member is removed from said 2 ' -O-b locked -5 ' -0-b locked phcsphc- 
diestar so as to provide a substrate characterized by the 
ability to undergo catalytic-induced hydrolysis of said phos- 
phodiestar to yield a species capable of being monitored 
spectrophotometries! ly or fl ucrane trical ly . 

3. The method cf claim 1 wherein said base is a 
pyrimidine analog. 

4. The method cf claim 1 wherein said base is a 
purine anaicg. 



5. The method cf claim 1 wherein said base is a 

-' member selected from the group consisting cf uracil, dihydrc- 
uracil , cytcsine, dihydrocytcsine and halcgenated uracils. 

6. A method cf claim 1 wherein said base is 

uracil . 

7. The method of claim 1 wherein said 5 '-blocking 
member is- selected from the group consisting cf methyl, ethyl, 
allyl, cyclc.-e>:yl , phenyl, benzyl, r.itrcbenryl , acetyl, 1- 
Mthoxyethyl, 1 -e thcxye thyl , 1-ethy Ithioethyl , te trihydrc;:-r any! , 



I 
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tetrahvdrothiofur any 1 , ts trahyd rothiopyr any I , and -i-methcxy- 
-etrahydropyran-4 -yl - 

8. The method of claim 7 wherein said blocking 
nerr-bsr is acetyl.' . 

?. The method cf claim 1, wherein said 2* -blocking 
member is selected from the group consisting of tetrahydrcpyranyl 
^-^thcx'ytetrahydropyrar.-^-yl, and tert-butyldijnethylsilyl . 

10, The method of claim 9, wherein said 2* -blocking 
member is tetrahydrcpyr any 1 . 

11. The method of claim 9, wherein said 2' -blocking 
mender is 4-roethcxytetrahydrcpyran-4-yl. 

12. The method cf claim 1 wherein said moiety is 

a member selected from the croup consisting cf aryl, araaixyl, 
heteroaryl or heterocyclic cccpour.d. 

12. the method cf claim 12 wherein said moiety is a 
member selected from the c:oa consisting of cab el lif ercny 1 , 
<-m«thylumbei:iferonyl, 3-flavcnyl, l-na?hthyl, c-r.itropher.yl , 
" a-r.itrcphenyl, p-nitrcphenyl , 2 , 4-dinitroohery 1 , cyancphenyl, 
acylphenyl, carhcxyphenyl , pheny Isulf onate, phenylsulf ony l 
and pher.ylsu If oxide. 

14. The method of claim 13 wherein said mciety is 
1-r.aththyl . 
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15. The method of claim 13 wherein said moiety is 
4-methyl umbel liferonyl . 

16. The method of claim 13 wherein said moiety is 
3-flavonyl. 

17. The method of claim 1 wherein said 2 ' -0-biocxed- 
j'-O-biocxed phcsphcdiester is formed by an esterif ication re- 
action of said 2 1 -O-hlocxed-S 1 -0-blocxed-3 ' -phosphate with an 
alcohol fo~ of said moiety . 

13. The method of claim 17 wherein said esterifica- 
ticn reaction is carried cut in the presence of an esterifica- 
ticn reagent selected frcn the group consisting of 2 , 4 , 5-triisc- 
prcpylbentenesulf c.tyl chlcride, N, s % -dicyclohexyicarhodiiside, 
mesiryienesulf cnyl chloride, tciuenesulicny 1 chlcride, 
raesitylsnesulionyl imidazole, p-tcluenesulfcnyl Ltiiarcle, 
picryl chloride, and l-{ 3-c^ethyla.tincprcpyl )-3-ethyl carcc- 
diiaide hydrochloride. 

13. The method cf claim 13 wherein said esterifica- 
tion reaction is carried out in the presence cf an additive 
selected frcn the crcrp consisting cf N-fcydrcxysucsir.i-sids 
. and N-hycrcxyphth.ali.tide. 

20. The method cf claims 13 or 19 wherein said 
esterif ication reaction is carried out in the presence cf 
pyridine. 
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21. The method of claim 20 wherein said esterifica- 
oa- reaction is carried our at a temperature in the range of 
•ca about -20"C. to about 25'C. 

22. The nethod of clain 21 wherein said estarifica- 
ion reaction is carried out for a tir-e of Srca about 5 to about 
3 hours. 

22. The aethcc of claia 2 whereir. said removal of 
aid 2' -blocking server is carried out in a orotic solvent. 

24. The nethod of claia 23 wherein said orotic solvent 

is water. 



25. the method of claia 2 4 whereir. said reacvai of 
said 2'-bloc>inc neaber is carried out in the cresenece of an 
acid selectee fra the crouo consisting of hydrochloric acid 
— • ^ucroacetic acid and p-toluenesulf onic acid. 



25. The method of claia 25 wherein said acid is 
hydrochloric acid in a mola. 



concentration of fron about 0.01 



27. The nethod of claia 25 wherein the aclar concen- 
tration of hydrochloric acid is frca about 0.01 to about 0.05. 



28. The method of claia 27 wherein the reaction is 
carried cut 



at aahier.t temperature. 



29. The method of claia 2S wherein the reaction is 
carried out fo: 



*or fr-cn about 5 .tinutes to about 2 4 hours. 
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30. A method according to claim 1 , comprising 

(a) forcing a mononucleotide 2', 3* -cyclic phoschate 
of the formula; 

HO— | 

0=P— OH 
OH 

wherein 3 is a nucleotide base, and wherein the C3 2 0H group at 
the 4' -position is either cis or trans to the cyclic phosphate; 

(b) blocking said mononucleotide 2' , 3'-cyclic 
phosphate at the = '-hydrcxyl with a 5' -blocking aemher selected 
from the group consisting of alkyi , alkeriyl, cycloalkyl, ar/1, 
araalkyl, acyl, oxaalkyl, thicalkyl, oxacycloalkyl and thio- 
cycloalkyl to fens a mononucleotide 5 ' -G-blocked-2 ' , 2 1 -cvclic 
phosphate; 

(c) opening the cyclic phosphate so that essentially 
only a mononucleotide 5 1 -O-blocked-2 1 -hydrcxyl-3 1 -phosphate is 
formed, under conditions leaving the 5' -position essentially 
blocked; 

(d) blocking said mononucleotide 5 ' -O-b locked 3 ■ - 
phosphate at the 2 , -hydrcxyl -with a 2' -blocking member selected 
frcn' the group consisting cf cxaalkyl, thioaikyl , oxacyclo- 
alkyl, thiccycloalkyl and silyl to forzi a mononucleotide 

2' -O-blocked-5 * -C-blocked-3 1 -ohosohate; i 

! 

(e) dephcsphcrylating said mononucleotide 2 , -0- ! 

f 

blodced-5 1 -O-blocked-3 1 -phosphate to form a 2' -O-blocked-5 1 - \ 
0-blocked mononucleotide; 
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(f) reaching said 2 ' -O-b iocxed-5 * -O-b locked .T.ono- 
nucieoside with a phosphory lated derivative of a moiety selected 
from the group consisting of a chrcmophore or fluorophore to form 
a 2 ' -0-blocked-5 ' -C-blocked phosphodiester; 

said 2* -blocking member being a group capable of at 
least essentially blocking medium-induced hydrolysis of said 
phosphodiester at the 3' -position, and said 2' -blocking member 
being capable of being removed to provide a substrata 
characterized by the ability to undergo catalytic-induced 
hydrolysis of the phosphodiester at the 3' -position to yield 
a species capable of being monitored spectrcphotmetrioal ly or 
flucrometrical ly . 

31. The method of claim 1 wherein said 2 '-blocking 
member is removed from said 2' -O-blockec-5*' -0-blocked phos- 
phodiester so as to provide a substrate characterized by the 
ability to undergo catalytic-induced hydrolysis of the phos- 
phodiester at the 3' -position to yield a species capable of 
being monitored spectrophctometrically or fluorornetrically . 
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